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ATOMIZATION SYSTEM 


Background Information 

The present invention is based on an atomization system according to the species defined in 
the main claim. 

5 

In fuel cell-supported transportation systems, so-called chemical reformers are used for 
obtaining the required hydrogen from hydrocarbon-containing fuels or for providing the 
reaction temperature of catalytic burners or afterburning devices. 

10 All the substances needed by the reformer for the course of reaction such as air, water and 

fuel are ideally supplied to the reformer in the gaseous state. However, since the fuels such as 
methanol or gasoline, and water are preferably stored onboard the transportation system in 
liquid form, they must be heated so as to be vaporized shortly before being fed into the 
reformer. This requires a pre-evaporator (separate or integrated into the reformer) capable of 

15 providing adequate quantities of gaseous fuel and water vapor. 

Since the hydrogen is normally consumed immediately, chemical reformers must be capable 
of adjusting the production of hydrogen to the demand without delay, e.g. in response to load 
changes or during start phases. Especially in the cold start phase, additional measures must be 
20 taken, since the reformer does not provide any waste heat. Conventional evaporators are not 
capable of generating adequate quantities of gaseous reactants without delay. 

It is therefore practical to introduce the fuel into the reformer in a finely divided form with 
the aid of an atomization device, in which case, provided that there is a sufficient supply of 
25 heat, the vaporization process is improved by the large surface area of the finely divided fuel. 


So-called catalytic burners provide the temperature required for the chemical reaction, in 
which the fuel among other things is reformed to hydrogen, for example. Catalytic burners 
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are components featuring surfaces coated with a catalyst. In these catalytic burners, the 
fuel/air mixture is converted into heat and exhaust gases, the generated heat being conducted 
to the suitable components such as the chemical reformer or an evaporator via, for example, 
the lateral surfaces and/or via the warm exhaust-gas stream. 

5 

The conversion of fuel into heat is highly dependent on the size of the fuel droplets striking 
the catalytic layer. The smaller the size of the droplets and the more uniformly the catalytic 
layer is wetted with the fuel droplets, the more completely the fuel is converted into heat and 
the higher is the efficiency. In this way, the fuel is also converted more quickly, reducing 
10 pollutant emissions. Fuel droplets that are too large in size result in a coating of the catalytic 
layer and hence in a slow conversion rate. This leads to poor efficiency, especially in the cold 
start phase. 

In addition, such an atomization system may be used for metering a urea-water solution 
1 5 directly into the exhaust-gas stream for exhaust-gas aftertreatment. 

Devices for reforming fuels are known, for example, from U.S. patent 3,971,847. According 
to this document, metering devices located relatively far away from the reformer are used to 
meter the fuel via long supply lines into a temperature-adjusted substance stream and disperse 
20 it via a metering aperture at the end of the supply line into the substance stream, which flows 
to the location of the actual reforming process. 

A particularly disadvantageous feature in the devices known from the above-mentioned 
document is the fact that the long supply lines result in delays and inaccuracies in fuel 

25 metering, especially in the case of sharp load changes or warm start phases. If fuel metering 
is resumed following a stop phase for example, while the fuel is evaporating under the 
temperature influence from the supply line, this results in a delayed metering of fuel into the 
temperature-adjusted substance stream and to the reforming process, because the dead-space ' 
volume in the supply line must first be replenished. The same problem arises in the case of a 

30 particularly small load. Furthermore, long supply lines stand in the way of compact 
construction while increasing proneness to error and assembly cost. 

Summary of the Invention 
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By contrast, the atomization system according to the present invention having the 
characterizing features of the main claim has the advantage that the combination of a 
metering device, preferably in the form of a low-pressure fuel injector, with a metering point 
5 and an atomization device of arbitrary form allows for a compact construction and a precise 
mixture formation even at high temperatures. 

Advantageous further developments of the atomization system specified in the main claim are 
rendered possible by the measures listed in the dependent claims. 

10 

Advantageously, a fuel injector is used as metering device, as is known, for example, from 
reciprocating internal combustion engines. The use of such injectors has several advantages. 
Thus, they allow for a particularly accurate open-loop or closed-loop control of fuel metering; 
the metering may be controlled based on several parameters such as the on-off ratio, the pulse 

15 frequency and possibly the stroke length. In this context, the dependence on pump pressure is 
considerably less marked than in metering devices which regulate the volume flow of the fuel 
via the line cross section, and the metering range is clearly greater. Moreover, said fuel 
injectors are reliable components that have proven effective, are known in terms of their 
behavior and are inexpensive and chemically stable vis-a-vis the fuels used; this is true 

20 especially of so-called low-pressure fuel injectors, which may be used in this instance 
because of the thermal decoupling. 

It is also advantageous that the feed of a temperature-adjusted substance stream, for example 
an air stream, is possible between the metering and the atomization points, as well as 
25 downstream of the latter. This allows for the development of compact constructions for 
arbitrary mounting positions. 

Furthermore, it is advantageous to distribute a plurality of metering apertures over the surface 
of the connecting tube and in this manner to achieve a particularly uniform distribution of the 
30 mixture in the components receiving the metering. 
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A particularly advantageous specific embodiment has the metering and atomization points 
situated jointly on the fuel injector. The fuel injector is then able to inject into the connecting 
pipe at any angle as needed, allowing for more complicated installation positions. 

5 Brief Description of the Drawing 

Exemplary embodiments of the present invention are shown in simplified form in the 
drawing and elucidated in greater detail in the following description. The figures show: 

10 Fig. 1 a schematic representation of a first exemplary embodiment of an atomization system 
according to the present invention, 

Fig. 2A a schematic representation of a second exemplary embodiment of an 

atomization system according to the present invention, 

15 

Fig. 2B a schematic representation of an installation situation of the exemplary 

embodiment shown in Fig. 2A, 

Fig. 3 a schematic representation of a third exemplary embodiment of an atomization 

20 system according to the present invention, 

Fig. 4A a schematic representation of a fourth exemplary embodiment of an 

atomization system according to the present invention, 

25 Fig. 4B a schematic representation of an installation situation of the exemplary 

embodiment shown in Fig. 4A, 

Fig. 5 a schematic representation of a fifth exemplary embodiment of an atomization 

system according to the present invention, and 

30 

Fig. 6 a schematic representation of a sixth exemplary embodiment of an atomization 

system according to the present invention. 
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Description of the Exemplary Embodiments 

In the following, exemplary embodiments of the invention are described by way of example. 

5 A suitable choice of parameters for low-pressure fuel injector 2 allows for the 

implementation of flow parameters q dyn and Q sta t required for the reforming of methanol and 
gasoline for fuel cell components. In addition, there is good reason to keep the temperatures 
in the area of low-pressure fuel injector 2 as low as possible so as to be able to use 
cost-effective, standard fuel injectors. On the other hand, however, the strong variation of the 
10 temperature differences during the operation of atomization system 1 must be taken into 
account as well. Thus, the cold start phase features temperatures of only around 20-30°C, 
while 500-800°C may be measured in full-load operation. During cold starts, it must 
accordingly be possible to meter the fuel very precisely and to disperse it very uniformly, 
since otherwise the efficiency drops due to the slow thermal conversion of the fuel. 

15 

The exemplary embodiments described below of atomization systems 1 designed according 
to the present invention take the aforementioned facts into account and allow for simple 
metering and atomization in a hot atmosphere, while providing a robust construction, 
application in different spatial constellations and the use of standard low-pressure fuel 
20 injectors. 

To facilitate orientation, identical parts in the figures are provided with the same reference 
numerals throughout. The arrows represent the respective fuel and air flows. 

25 A first exemplary embodiment, schematically represented in Fig. 1 , of an atomization system 
1 according to the present invention is in the form of an atomization system 1 for the use of 
low-pressure fuel injectors 2. Atomization system 1 is particularly suitable for charging and 
atomizing fuel into a chemical reformer (not shown) or a catalytic burner for obtaining 
hydrogen. 

30 

In the first exemplary embodiment, low-pressure fuel injector 2 is situated at an inflow side 3 
of a connecting tube 4. In this instance, connecting tube 4 is shaped such that, at the 
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downstream side of low-pressure fuel injector 2, a metering point 5 is provided which limits 
the quantity of fuel injected into connecting tube 4. 

At an arbitrary point downstream of metering point 5, another tube 6 discharges into 
5 connecting tube 4, allowing for an air flow to be fed into connecting tube 4. Tube 6 may 
discharge into connecting tube 4 at any angle, but preferably at approximately 90°. 

At a downstream end face 7 of connecting tube 4, an atomization point 8 is provided, at 
which the mixture of air and fuel formed in connecting tube 4 is atomized. This may be 
1 0 implemented, for example, by an atomizer disk, a swirl disk or any other swirling or 

atomizing insert at atomization point 8. For this purpose, a cone angle a of the atomized jet 
may be adjusted freely to prevailing conditions by a suitable choice of atomization device. 

Fig. 2A and 2B show a second exemplary embodiment of atomization system 1 designed 
1 5 according to the present invention as a schematic diagram, as well as in an installation 

situation. In contrast to the exemplary embodiment shown in Fig. 1 , the supply of air via tube 
6 is optional. The actual formation of the mixture takes place in a tube section 9 at the 
downstream side of connecting tube 4. The advantage in this exemplary embodiment is that 
the air flow is fed directly into the already atomized fuel downstream of atomization point 8, 
20 resulting in a better distribution of the mixture. 

Due to the perpendicular arrangement of tube section 9 relative to connecting tube 4, the 
exemplary embodiment shown in Fig. 2A and 2B may be used to achieve other geometries, 
which may possibly allow for a more favorable installation position relative to other fuel cell 
25 components (10 in Fig. 2B and 4B) not shown in detail. 

The exemplary embodiment shown in Fig. 3 represents a combination of the variants of the 
embodiment shown in Fig. 1 and 2. As in the second exemplary embodiment, here the air 
flow is also supplied only downstream of atomization system 8, while the components that 
30 are to receive the metering are arranged in the direction of an axis 1 1 of connecting tube 4, as 
in the first exemplary embodiment. 
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Fig. 4A and 4B show a further exemplary embodiment of a metering device designed 
according to the present invention, which is especially suitable for tight installation positions. 
In this case, the air flow is supplied via tube 6 upstream of atomization point 8, as in the first 
exemplary embodiment shown in Fig. 1. Atomization is then accomplished via numerous 
5 atomization points 8, which may be distributed over the surface area of connecting tube 4 in 
an arbitrary arrangement suitable for the prevailing conditions. The intersection of the 
individual fuel jets exiting from atomization points 8 allows for a particularly uniform 
distribution. 

10 Fig. 4B shows an exemplary installation situation for the exemplary embodiment shown in 
Fig. 4A, which is distinguished by a particularly high degree of compactness due to the short 
installation length. 

Fig. 5 represents an alternatively designed exemplary embodiment, in which low-pressure 
15 fuel injector 2 is not positioned on the inflow side of connecting tube 4, but laterally at 

arbitrary angles a (cone angle of the jet injected by fuel injector 2) and y (angle of inclination 
of the jet). In this case, metering point 5 and atomization point 8 coincide, and the fuel 
mixture already atomized is introduced directly into the air flow at the above-mentioned 
angles as in the exemplary embodiment shown in Fig. 2. The metering/atomization takes 
20 place at a higher flow rate in the area of a narrowed cross section. An advantage in this case 
is also the possibility of a compact design while saving the cost of a separate atomization 
point. 

Fig. 6 shows another exemplary embodiment of a metering device designed according to the 
25 present invention, which, like the exemplary embodiment shown in Fig. 4 A and 4B, is 

especially suitable for tight installation positions. In this case, the air flow is supplied via tube 
6 upstream of atomization point 8, as in the first exemplary embodiment shown in Fig. 1. 
Atomization is then accomplished via numerous atomization points 8, which may be 
distributed over the surface area of connecting tube 4 in an arbitrary arrangement suitable for 
30 the prevailing conditions. The intersection of the various fuel jets exiting from atomization 
points 8 allows for an especially uniform distribution. 
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In contrast to the exemplary embodiment shown in Fig. 4A and 4B, the sixth exemplary 
embodiment features atomization points 8 also in the area of end face 7 of connecting tube 4, 
in particular at rounded comers 12. This allows for atomization even into spaces that are 
longer than connecting tube 4. In this instance, the cone angles oc of the jet at atomization 
5 points 8 may be equal to those of the other atomization points 8 or may also be selected to be 
smaller or larger depending on the requirements. 

The present invention is not limited to the exemplary embodiments described but is 
applicable to any other atomization systems. 
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